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(54) PRODUCTION OF OPTICAL WAVEGUIDE 

(57)Abstract: 

PURPOSE: To easily form a core or clad in an optical waveguide by using polysiloxane 
which is considered difficult to be worked, by irradiating the desired area of a specified 
polysiloxane with light in the presence of oxygen to change the solubility of the exposed j 
area with a solvent and then forming a desired pattern. r ^ 

CONSTITUTION: A polymer soln. consisting of polysiloxane containing the repeating unit 
expressed by formula I or II or copolymer of polysiloxane containing the repeating unit of 
formula I or II is applied on a substrate by spin coating and heated to form a thin film. Then R j 

by irradiating the thin film with UV rays through a mask of desired pattern, solubility of the I 
exposed area decreases. Then the exposed substrate is etched with an org. solvent to allow 
only the exposed area to remain to form the pattern. In formulae, Rl and R2 are deuteride or 
halogenated alkyl groups or deuteride or halogenated phenyl groups. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the production method of an optical waveguide, especially the production 

method of the optical waveguide for optical integrateds circuit which used the polysiloxane. 

[0002] 

[Description of the Prior Art] Generally the thing of inorganic systems, such as quartz glass and multicomponent glass, is used 
from optical-transmission loss being small as a base material of an optic or an optical fiber, and a transmission band being 
large. On the other hand, the optical waveguide which makes plastics a base material is also developed. These plastics optical 
waveguides have the good processability according to reactive ion etching (RIB) etc, compared with an inorganic system, and 
it is observed from having the features, such as handling. Polysiloxane material is excellent in such plastics in the field of 
thermal resistance and light-transmission nature. However, generally RIE resistance was known for the good thing, and this 
polysiloxane was difficult for producing the pattemized polysiloxane optical waveguide simple. 
[0003] 

[Problem(s) to be Solved by the Invention] this invention is made in view of such the present condition, and the technical 
problem is offering the production method of an optical waveguide processing having enabled processing of a difficult 
polysiloxane easily. 
[0004] 

[Means for Solving the Problem] Namely, the production method of the optical waveguide according to this invention Rl, 
that R2 is the same or the difference among a following general formula (1) (** 1) [formula, The deuteration expressed with 
Cn Y2n+1 (heavy hydrogen or a halogen, and n express five or less positive integer in Y), or an alkyUhalide machine. Or the 
polysiloxane containing the halogen and/or heavy hydrogen which have the repeat unit expressed with the deuteration or 
halogenation phenyl group] expressed with C6 Y6 (Y expresses heavy hydrogen or a halogen), Rl, that R2 is the same or the 
difference among a following general formula (2) (** 2) [formula, The deuteration expressed with Cn Y2n+1 (heavy 
hydrogen or a halogen, and n express five or less positive integer in Y), or an alkyl-halide machine. Or the polysiloxane 
containing the halogen and/or heavy hydrogen which have the repeat unit expressed with the deuteration or halogenation 
phenyl group] expressed with C6 Y6 (Y expresses heavy hydrogen or a halogen). The polysiloxane containing the halogen 
and/or heavy hydrogen which are a copolymer including the both sides of the repeat unit expressed with a general formula (1) 
and (2), And light is irradiated under oxygen existence at the portion of a request of the polymer chosen from such mixture 
and the group which becomes more, the solubility to a solvent is changed, a desired pattern is produced using the difference 
of this solubility, and it is characterized by making this pattern section into the core or clad of an optical waveguide. 
[0005] 

[Function] The principle of the pattemizing currently used in the production method of the optical waveguide of this invention 
is explained. 

[0006] First, the structure expression (repeat unit) of the material polysiloxane (I) used for this invention is shown below. 
[0007] (** 1) Rl and R2 express among [formula the same, the deuteration which differs and is expressed with Cn Y2n+1 
(heavy hydrogen or a halogen, and n express five or less positive integer in Y), an alkyl-halide machine or the deuteration 
expressed with C6 Y6 (Y expresses heavy hydrogen or a halogen), or a halogenation phenyl group. ] Similarly, the structure 
expression (repeat unit) of the material polysiloxane (II) used for this invention is shown below. (** 2) Rl and R2 express 
among [formula the same, the deuteration which differs and is expressed with Cn Y2n+1 (heavy hydrogen or a halogen, and n 
express five or less positive integer in Y), an alkyl-halide machine or the deuteration expressed with C6 Y6 (Y expresses 
heavy hydrogen or a halogen), or a halogenation phenyl group. ] Furthermore, a copolymer including the both sides of the 
repeat unit of (I) and (II) can also be used as a material polysiloxane (III). 

[0008] The blend which mixed a material polysiloxane (I), (II), and (III) by various ratios can also be used further again. 
[0009] The material polysiloxane (I) used in the method of this invention, (II), and (III) can be manufactured by the method 
indicated by Japanese Patent Application No. 1-178090. 

[0010] the material polysiloxane (I) used by this invention, and (II) - and [ each ] (III) it has Rl-Si- and R2-Si as combination 
it comes out of these combination among oxygen atmosphere, for example, air, U V light is irradiated, a light energy cuts, the 
solubility physical properties of polymer are changed, and it pattemizes according to the difference of the solubility of the 
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irradiation section and the non-irradiated section 

[001 1] Two sorts of the method are shown in drawing 1 and drawing 2 about a pattemizing process in the optical-waveguide 

production process by this invention. 

[0012] First, the method (a) shown in drawing 1 is explained. 

[0013] (a-1) Using the solution which dissolved the material polysiloxane, on a substrate 1, produce the spin coat film 2 of a 
polysiloxane and heat it for solvent removal (a film production process, drawing 1 (A)). 

[0014] (a-2) using the mask 3 with which patterns arbitrary next were drawn, under oxygen existence (for example, the inside 
of air), come out and irradiate the UV light 4 with a wavelength of 300mn or less throughout a period of mask 3 (an exposure 
process, drawing 1 (B)) 

[0015] (a-3) ********** the spin coat film 2 of the polysiloxane on the exposed substrate 1 using the suitable organic solvent 
5, and leave solubility change section 2a (a development process, drawing 1 (C)). 
[0016] Next, the method (b) shown in drawing 2 is explained. 

[001 7] (b-1) Using the solution which dissolved the material polysiloxane, on a substrate 1, produce the spin coat fibn 2 of a 
polysiloxane and heat it for solvent removal (a film production process, drawing 2 (A)). 

[0018] (b-2) next, coming out under oxygen existence (for example, the inside of air), and irradiating a laser beam (excimer 
laser light with a wavelength of 300nm or less) 6, scan the move stage 7 on which the substrate 1 was put by the move stage 
control section 8, and draw arbitrary pattern 2b on a film (an exposure process, drawing 2 (B)) 

[0019] (b-3) ********** the spin coat film 2 of the polysiloxane on the substrate 1 which irradiated the laser beam 6 using 

the suitable organic solvent 5, and leave solubility change section 2b (a development process, drawing 2 (C)). 

[0020] 

[Example] Hereafter, although an example explains this invention to a detail fiirther, this invention is not limited to these 

examples. 

[0021] (Example 1) 

Formula (3) 

[0022] 

[Formula 3] 

I 

- S i - 0 - . ( 3 ) 

I 

[0023] Formula (4) 
[0024] 
[Formula 4] 

Ce Ds 

I 

-S i -0- 
I 

0 (4) 
I 

-S i -0- 
I 

Ce D5 

[0025] It applied with the spin coat on the silicon substrate using 10% chlorobenzene solution which melted the polysiloxane 
(A) which is a material polysiloxane (II), and (the polymer which has the repeat unit of formula (4)) (rotational ft-equency : 
lOOOrpm). Stoving of the obtained fihn was carried out at 1 10 degrees C, the solvent was llilly removed, and the lower clad 
layer was formed. After checking having dried completely, the refractive index deposited the film of 8 micrometers of 
thickness as a core layer further using the chlorobenzene solution containing 1:5 copolymers of the polysiloxane (B) which is 
a high material polysiloxane (III), (the polymer which has the repeat unit of formula (3)), and the polymer which has the 
repeat unit of a formula (4) from the above-mentioned polysiloxane (A) on this film. The rotational frequency of a spin coater 
was lOOOrpm. 

[0026] Next, the mask which has the straight-line pattern of 8-micrometer width of face was prepared, and the light near the 
wavelength of 265nm was irradiated over the mask in air. The development of this film was carried out in the chlorobenzene. 
Consequently, the polysiloxane (B) remained, as for the non-irradiated section, only UV light irradiation section was eluted, 
and the pattern with a height [ width of face of 8 micrometers and height ] of 8 micrometers remained as a ridge. After fiilly 
carrying out stoving, the polysiloxane (A) was applied from on this pattern, and it considered as the up clad layer, and the 
embedding type 3-dimensional optical waveguide was produced. 

[0027] Light with a wavelength of 1300nm was irradiated from the end at this optical waveguide, and loss of an optical 
waveguide was measured by measuring the quantity of light which comes out from the other end. Loss of this optical 
waveguide was 0.1 or less dB/cm. Next, when the same experiment was conducted using light with a wavelength of 1550nm, 
also in this wavelength, loss was 0. 1 or less dB/cm. Moreover, when the near-field pattern of the light which carries out 
outgoing radiation was observed using the camera for near infrared rays, it turns out that it is a single mode in the wavelength 



2of3 



9/30/03 4:51 PM 



http://wvvw4JpdlJpo.goJp/cgi-birVtran_web_cgLeije 



region of 1300nm and 1550nm both. 

[0028] (Example 2) The lower clad layer was deposited using the polysiloxane (A) like the example 1 , and the film of 8 
micrometers of thickness was deposited as a core layer using the polysiloxane (B). It moved on the stage, having carried this 
film on XY move stage set up so that a stage might move to ** on the other hand by the control section of a move stage, and 
irradiating excimer laser light with a wavelength of 300nm or less. Consequently, the irradiation section was able to become a 
straight line with a width of face of 8 micrometers, and was able to be pattemized. Next, this film was processed with the 
developer. The non-irradiated section was eluted and the pattern with a height [ width of face of 8 micrometers and height ] of 
8 micrometers remained as a ridge. Furthermore, the laminating of the up clad layer was carried out like the example 1, and 
the embedding type 3-dimensional optical waveguide was produced. When loss was measured like the example 1, in the 
wavelength of ISOOnm, and 1550nm, loss was 0.1 or less dB/cm. Moreover, in the wavelength region of 1300nm and 1550nm 
both, it had become a single mode. 

[0029] As the above-mentioned example, although each explained only the example of production of a linear 3-dimensional 
optical waveguide, branching / unification circuit which makes the basic composition of an optical-waveguide circuit, the 
directional coupler, the Mach TSUENDA circuit, the ring circuit, etc. were easily producible by adjusting change of a mask 
pattern, and the control section of XY move stage. 
[0030] 

[Effect of the Invention] As explained above, since the production method of the optical waveguide by this invention can 
carry out micro processing of the polysiloxane which has the optical-transmission property which was extremely excellent in 
the visible - near-infrared ray range processing was difficult the near-infi-ared ray range easily conventionally, it has the 
advantage that a reliable quality optical integrated circuit can be easily supplied with the low loss in a near-infrared ray range. 
That is, there is an advantage which is excellent in economical efficiency and can constitute lightwave signal transmission 
systems, such as a reliable Local Area Network, with the optical parts produced using the optical circuit using this production 
method. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The following general formula (1) 

[Formula 1] 
Ri 
I 

- S i - 0- ( 1 ) 

I 

Rz 

It is the polysiloxane and the following general formula (2) containing the halogen and/or heavy hydrogen which have the 
repeat unit expressed with [that RI and R2 are the same, or the deuteration which differs and is expressed with Cn Y2n+1 
(heavy hydrogen or a halogen, and n express five or less positive integer in Y), an alkyl-halide machine or the deuteration 
expressed with C6 Y6 (Y expresses heavy hydrogen or a halogen) among a formula, or a halogenation phenyl group]. 
[Formula 2] 

Ri 

I 

-S i -0- 
I 

0 ".(2) 
I 

-S i-0- 

I 

Rt 

the inside of [formula, RI, and R2 are the same — or - differing - Cn Y2n+1 (Y -- heavy hydrogen or a halogen ~) n - five 
or less positive integer -- expressing the deuteration expressed or an alkyl-halide machine - Or the polysiloxane containing 
the halogen and/or heavy hydrogen which have the repeat unit expressed with the deuteration or halogenation phenyl group] 
expressed with C6 Y6 (Y expresses heavy hydrogen or a halogen), The polysiloxane containing the halogen and/or heavy 
hydrogen which are the copolymer of the repeat unit expressed with a general formula (1) and (2), And light is irradiated 
under oxygen existence at the portion of a request of the polymer chosen from the group which consists of such mixture. The 
production method of the optical waveguide characterized by having changed the solubility to a solvent, having produced the 
desired pattern using the difference of this solubility, and making this pattern section into tfie core or clad of an optical 
waveguide. 
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